INTRODUCTION
Meat inspection in abattoirs was considered a tool with good impact in the detection of zoonotic infections. Many developed countries extend meat inspection purpose to encompass surveillances of animal diseases sources, which in turn minimize the risk of neglected zoonotic diseases (EFSA, 2011) . BTB is endemic in many developing countries with a negative impact on animal productivity as well as public health (O'Reilly and Daborn, 1995) . Zoonotic potential of BTB was established by the direct correlation of M. bovis infection in cattle and humans in several countries (Cosivi et al., 1995) . M. bovis were responsible for 9.4% and 2.1% of extrapulmonary and pulmonary human tuberculosis worldwide, respectively (Cosivi et al., 1998) . The zoonotic BTB poses an occupational risk for farmers, veterinarians, and slaughterhouse workers who come in contact with infected livestock or their carcasses by means of inhalation or contact infection (Ayele et al., 2004; Hambolu et al., 2013) . Also, consumers are at risk of infection transmission by ingestion of infected undercooked meat, raw or unpasteurized milk (Ayele et al., 2004) . Economic implications of BTB have been linked to the decrease in food conversion rate, milk yield, and from the increased condemnation of meat and edible organs. In addition, the cost of BTB eradication programs is another burden especially in lowincome countries (De La Rua-Domenech et al., 2006) .
In Egypt, cattle and buffalo contribute by about 51.6% and 33.2% of local red meat production, respectively (SADS, 2009) , however information regarding the prevalence of BTB in both species is very limited. The official reports from the General Organization of Veterinary services (GOVs) showed that there was an increase in BTB prevalence during 2013 compared to the previous 4 years and the infection was concentrated in the Nile delta region (Abdellrazeq et al., 2014) . Despite of the few studies of BTB occurrence in humans in Egypt, M. bovis infection was involved in pulmonary TB cases at rate of 0.4-6.4% during 3 visits of 2 health centers (Elsabban et al., 1992) and also in 9 of 20 cases with extra-pulmonary TB in another study (Nafeh et al., 1992) . In addition, Zoonotic transmission of BTB was reported in workers having contact with infected animals in a private dairy farm in Egypt (Hassanian et al., 2009 ).
Meat inspection is an applicable tool for the detection of BTB in slaughtered animals in developing countries (Youssef and Ahmed, 2014) and with the dearth of information about BTB prevalence in slaughtered bovine in Egypt as well as the potential public health risk associated with such infection. So, this study aimed to determine the prevalence of BTB with its associated economic and public health implications in the slaughtered cattle and buffalo carcasses from May 2010 to April 2013 in El-Mahalla El-Kubra abattoir in mid-Delta of Egypt.
MATERIAL AND METHODS

Study Area:
El-Mahalla El-Kubra is the largest city of Gharbia governorate in the Mid-Delta of Egypt. The city abattoir is the second largest abattoir in Gharbia Governorate that served approximately with Tanta abattoir a total of 6 million consumers. This abattoir is under the supervision of the Directorate of Veterinary Medicine in Gharbia Governorate and consequently to the Egyptian Ministry of Agriculture. Official records showed that more than 15000 animal were slaughtered annually in this abattoir.
Study design:
This study was carried out over 3 years from May 2010 to April 2013 by both active and retrospective survey. El-Mahalla El-Kubra abattoir was visited several times by authors during the period between January to April 2013 for active survey. While, retrospective data of total animal slaughtered, condemned carcasses or organs per animal species and reasons for condemnation during the period from May 2010 to January 2013 was collected from official abattoir records. According to the Egyptian Law (EOS 517, 1986) , it is prohibited to slaughter the females younger than 5 years old except for emergencies. Therefore, animals included in this study were males in the age of 2-5 years in addition to mature male and females above 5 years old.
Carcasses inspection for detection of tuberculous-like lesions:
This study included a total of 30,841 animals (11,389 cows and 19,452 buffaloes) that were slaughtered in this abattoir during the study period (Table 1 ). All animal carcasses were inspected by qualified, well-trained veterinarians and according to the Egyptian guidelines for carcass inspection (EOS 517, 1986) . A full ante-mortem examination for all animals was performed before slaughtering for the detection of any emaciated or feverish animals (EOS 517, 1986; Gracey et al., 1999) . The routine post-mortem (PM) examination of carcasses for detection of tuberculous-like lesions was conducted by visual examination, palpation and knife incision of the following lymph nodes; mandibular, parotid, pre-scapular, pre-femoral, mediastinal, bronchial, mesenteric, hepatic and in mature animals superficial inguinal or supramammary lymph nodes. In addition, diaphragm, lungs, heart, liver, spleen and kidneys were examined for presence of tuberculous like lesions.
Prevalence estimation of bovine tuberculouslike lesions:
Prevalence was estimated as described by Elmonir et al. (2015) through dividing the number of infected animals with tuberculous like lesion (organs or carcasses) by the total number of slaughtered animals then multiplies by 100. Six pairs of Lymph nodes, lungs and mesenteric lymph nodes were routinely examined by meat inspector in this study, which could detect up to 95% of bovine carcasses with tuberculous lesions (Corner, 1994) . No further confirmation either by microscopic staining or culturing was conducted in the abattoir, which will indeed affect the specificity of the BTB prevalence rates (Habarugira et al., 2014 ). Yet, PM examination could be used as good preliminary indicators for the occurrence of the BTB disease in slaughtered animals (Youssef and Ahmed, 2014) . In all cases, tuberculous-like lesions exert an economic impact as all organs or carcasses with these lesions are condemned based on PM findings alone.
Direct economic losses estimation:
Direct
Economic losses due to condemnation of meat or liver with tuberculous lesions were estimated by multiplying the total weight loss of meat or liver in Kilogram (Kg) by the average price per 1 kg for each according to the market price. During the study period, butchers and slaughterhouse personnel were interviewed for data of the average weight and market price by Egyptian pound (EGP) for the liver and meat yielding of cattle and buffalo carcasses. Their responses showed that the average meat yield for the whole carcass of cattle and buffalo was 250 kg (200-300 kg) and each carcass quarter accounts for an average weight of 65 Kg (60-70 Kg). The average price for 1 kg of meat was 60 EGP. The average weight for liver from cattle and buffalo was 6.25kg (5kg -7.5kg) and the average price was 70 EGP per 1 Kg. For estimation of monetary losses by United States Dollar (USD), conversion was calculated according to the rating of 1 EGP = 0.1444 USD (Exchange Rates UK, 2013).
Questionnaire for high-risk practices of veterinarians in the abattoir:
Veterinarians working in the El-Mahalla ElKubra abattoir were asked to answer a structured closed questionnaire regarding their practices during working in the abattoir. The questions included information about the use and types of protective clothing, Also, the frequency of self-inflecting wounds during PM examination of the carcasses and use of antiseptic or protective cover for these wounds.
Statistical analysis:
Univariable based Chi-square (X 2 ) test was conducted to determine the possible effect of type of organs, season (worm and cold) and annual patterns on BTB prevalence for individual species (cows or buffalos). Variables with P-values ≤ 0.05 were considered significant. Sex and age were not included in this analysis due to restriction by Egyptian law regarding these two variables as mentioned before in study design section. Statistical analysis was done using the statistical packages of Microsoft Excel and SAS 9.2 (SAS Institute Inc. 2008) software.
RESULTS
In this study, the overall prevalence of tuberculous lesions among all the slaughtered cattle and buffalos in El-Mahalla El-Kubra abattoir during the period from May 2010 to April 2013 was 0.7%, (219/30841). From Table 1 , it was found that lungs were the most significantly affected organ in cattle (P = 0.0003) with a percentage of 0.24% (27/11389). Meanwhile, tuberculous lesions were significantly predominant (P < 0.00001) in the intestine of slaughtered buffalo carcasses with a percentage of 0.45% (87/19452).
With regard to season, tuberculous lesions were detected at lower percentages during warm (spring and summer) seasons compared to cold (autumn and winter) seasons in both bovine species, yet these differences were not significant for both species (Table 1) .
From Table 1 , the annual prevalence rate of BTB in slaughtered cattle was 0.6% (24/4033), 0.66% (22/3333) and 0.5% (20/4023) in 2010-2011, 2011-2012 and 2012-2013 , respectively with an overall prevalence of 0.58% (66/11389). In buffaloes, the overall prevalence of tuberculous lesions was 0.79% (153/19452) with an annual distribution of 0.87% (46/5262), 0.63% (43/6790) and 0.86% (64/7400) in 2010-2011, 2011-2012 and 2012-2013, respectively . There was no significant difference in the annual pattern of BTB prevalence in each species. The prevalence of BTB was significantly higher (P = 0.04) in slaughtered buffalo than cattle carcasses inspected at the same period from May 2010 to April 2013.
Direct economic losses were associated with the condemnation of affected meat and liver with tuberculous lesions from slaughtered cattle and buffalo carcasses ( Table 2 ). The overall weight losses of meat and liver in Kg from all the slaughtered carcasses were 3105 and 162.5, respectively. A total of 132,700 EGP (19161.9 USD) in buffalo and 64975 EGP (9382.4 USD) in cattle were the monetary loss due to condemnation of liver and meat affected with tuberculous lesions.
The responses of the abattoir's veterinarians regarding their practices are summarized in Table 3 . Aprons and boats were the only protective clothes used by 100% and 62.5% of the abattoir's veterinarians. All the respondents were prone to self-inflecting wounds during carcasses inspection with the majority of them would injury themselves at least once a week (62.5%). Majority of the respondents would not use antiseptics for their wounds (57.1%) and 42.9% of them will not protect their wounds by covering before PM examination of carcasses. *Significant difference (P ≤ 0.05). SA; Number of total slaughtered (examined) animals Youssef and Ahmed (2014) and higher than another report (0.21%) in El-Basateen abattoir, Cairo, Egypt (Ramadan et al., 2012) . Higher prevalences were reported in other African countries as follows; 9% in Chad (Milián et al., 2000) , 6.1% in Ethiopia (Aylate et al., 2013 ) and 1.9% in Nigeria (Ejeh et al., 2014) . However, lower prevalences were detected by Shitaye et al. (2006) (0.052%) in a ten years surveillance study in Ethiopia. The variation of BTB prevalences in this study with the previously reported studies either in Egypt or in the other developing countries might be attributed to many factors that include animal husbandry measures (production system, ventilation, hygienic conditions, etc.), animal breeds, grazing habits, climatic changes and national regulations for BTB combating (such as, tuberculin test and slaughter).
From all the slaughtered cows' carcasses, the predominant organs showing tuberculous lesions were the lungs and its associated lymph nodes (0.24%). This finding was in consistent with many studies (Shitaye et al., 2006; Aylate et al., 2013; Youssef and Ahmed, 2014) . Furthermore, it was found that the prevalence of pulmonary lesions was higher in slaughtered cow (0.24%) than buffalo (0.11%) carcasses, which agreed with findings of Youssef and Ahmed (2014) .
In contrast, tuberculous lesions were predominately detected in the intestine (0.45%) of slaughtered buffaloes during this study with an approximately four-fold higher prevalence than that detected in lungs (0.11%). Variation in distribution of tuberculous lesions between cows and buffalos may be attributed to some variation of husbandry system. In Egypt, cows used for meat production are usually raised by intensive production where animals kept indoors in large numbers (SADS, 2009) . Pulmonary tuberculous lesions were mostly associated with this husbandry system due to the possibility of respiratory excretion and spreading of M. bovis among closely contact animals ( Ameni et al., 2006; Boukary et al., 2011) . In contrast, majority of buffalos in Egypt are owned by smallholders and raised by extensive method with daily access to pasture (SADS, 2009) . Therefore, the predominance of extra-pulmonary lesions in buffalos kept on pasture may be emerged from contaminated pastures and/or water by the shedding of M. bovis in feces of infected animals in same pastures as previously reported (Ameni et al., 2006; 2007) .
There was no significant difference for the occurrence of tuberculous lesions from slaughtered carcasses in warm and cold seasons for both species. This was in concordant with the results of many studies that determined no significant role of seasonal factor on the prevalence of BTB (Ameen et al., 2008; Nwanta et al., 2011; Ejeh et al., 2014; Youssef and Ahmed, 2014) . This may be attributed to the chronic nature of the disease as tuberculous lesion may persist for months and years in infected bovine. Animals with recent infection may coexist with animals with old infection in the same season, which make it difficult to determine effect of season on BTB prevalence based on carcasses inspection. Another factor that may mask the effect of season is the religious festivals in Egypt due to the higher rate of slaughtering during these occasions irrelevant to seasons (Youssef and Ahmed, 2014) .
The tuberculous affections in edible organs and muscle of slaughtered carcasses lead to financial losses. The total monetary loss in this study due to tuberculous affections in meat and liver was 197675 EGP (28544.3 USD). Lower economic losses were determined in other African countries as in Rwanda (4810 USD) by Habarugira et al. (2014) , in Nigeria (18200 USD) by Ejeh et al. (2014) and in Ghana (18693.1 USD) by Atawalna et al. (2016) . The differences in economic losses among different countries could be linked to many factors such as the prevalence of BTB, economic situation of the country, price and demand of meat in the local markets.
BTB is a zoonosis that can be transmitted to abattoir workers in contact with infected carcasses (Robinson et al., 1988) . Protective clothing would prevent the risk of BTB transmission to abattoir workers (Sa'idu et al., 2015) , yet none of the questioned abattoir's veterinarians uses gloves or masks during inspection of animal carcasses. Majority of them would accidentally injury themselves weekly during PM examination. The risk was exacerbated when 57.1% and 42.9% of them wouldn't use antiseptic or cover their wounds, respectively. Despite of their awareness of BTB as a Zoonosis, the veterinarians' high-risk practices may echo their inadequate knowledge about the routes of diseases transmission.
In some African countries, the localized tuberculous lesions were trimmed and the remaining parts of the carcass were passed fit for human consumption (Ejeh et al., 2014) . In contrast, legislations of El-Mahalla El-Kubra abattoir were strict toward total condemnation of organs or carcasses (parts or whole) with tuberculous lesions.
Hence, the main risk of infected carcasses entering the consumers' food chain would be the unauthorized animal slaughter outside the abattoirs. Unfortunately, non-official slaughtering outside governmental abattoirs continued by some butchers in villages nearby El-Mahalla El-Kubra city and elsewhere in Egypt (Youssef and Ahmed, 2014) . A condition that requires immediate intervention by veterinary authorities to prevent the potential risk of BTB and other zoonoses transmission to public consumers through these vendors.
In conclusion, this study reported the prevalence and economic implications of BTB in slaughtered bovines in El-Mahalla El-Kubra abattoir and also highlighted some high-risk practices encountered by veterinarians of the abattoir. Based on these findings, it is highly recommended to strengthen surveillance and control measures against BTB in livestock of the study area, strict measures should be taken towards preventing unauthorized slaughtering outside the abattoirs, and providing adequate protective measures and educational training regarding knowledge of occupational zoonoses risks by local veterinary authorities.
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